Introduction
About 90% of patients with thyroid malignancies are diagnosed with papillary thyroid carcinoma. It was reported that the incidence of papillary thyroid carcinoma was increased year by year over the past four decades. 1, 2 In recent years, some studies also revealed that relatively higher incidence of papillary thyroid carcinoma occurred among people over 45 years of age. 3 Although the mortality caused by thyroid papillary carcinoma was relatively lower than other malignant tumors, a tremendous negative impact on quality of life and psychology was also very common in these patients.
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cheng et al suggested to be potential biomarkers and attractive therapeutics for many cancers. 7, 8 Among these numerous miRNAs, miR-497 was also found to be involved in the regulation of development of several tumors. Zhao et al 9 reported in their study that, in renal cancer cells, miR-497 was dramatically decreased and its downregulation was closely correlated with tumor stage as well as lymph node metastasis. They also found that low expression of miR-497 greatly reduced the overall survival of patients. Xu et al 10 revealed that miR-497 was obviously decreased in pancreatic cancer tissues and that upregulation of miR-497 could inhibit tumor growth in vivo. They also considered that miR-497 expression was an independent poor prognostic factor in patients with pancreatic cancer. However, the above studies did not research the underlying mechanism of miR-497 in the regulation of these cancers.
In the current study, miR-497 expression and its impact on thyroid papillary carcinoma cells proliferation, migration and invasion, as well as related mechanisms were researched. To our knowledge, literatures of miR-497 in thyroid papillary carcinoma are relatively limited. This research will provide an important theoretical basis for the targeted therapy of thyroid papillary carcinoma.
Materials and methods
The cancer genome atlas (Tcga) analysis of mir-497 expression in thyroid cancer A total of 5,898 cases of thyroid cancer clinical pathology were collected through data download and screening. miR-497 relative expression was analyzed using TCGA.
Tissue samples collection
The tumor tissues and normal tissues of 56 patients with papillary thyroid carcinoma who were admitted to our hospital from February 2014 to January 2017 were collected. Patients meeting the following criteria were included in this study. Inclusion criteria: primary tumor diameter was #1.0 cm and histopathological types were diagnosed as thyroid papillary carcinoma. Patients with the following were excluded: a history of thyroid surgery, recurrent thyroid papillary carcinoma, a history of radiotherapy or chemotherapy in the head or neck, a history of radiation exposure and a history of radioactive iodine ablation. Patients' informed consent was obtained for tissue acquisition, and this study had been approved by our ethics committee.
cell culture and transfection
Human normal thyroid cell line Nthy-ori 3-1 and human papillary thyroid carcinoma cell line K1 (American Type Culture Collection, Manassas, VA, USA) were cultured in 1640 medium containing 10% fetal bovine serum (FBS) at 37°C in the presence of 5% CO 2 in an incubator. At logarithmic growth phase, these cells were harvested and prepared into cell suspensions by 1640 medium (10% FBS) at a density of 1×10 5 /mL. Then these cell suspensions were seeded in 24-well plates with 1 mL per well. All the 24-well plates were kept in the CO 2 incubator for an additional 72 hours of incubation.
Furthermore, K1 cells were transfected by miR-497 mimics, miR-497 inhibitors and negative expression vector. They served as the miR-497 mimics group, miR-497 inhibitors group and negative control (NC) group, respectively. To silence YAP1 gene, K1 cells were also transfected by YAP1 siRNA and these cells served as the si-YAP1 group. Moreover, si-YAP1+ inhibitors group was also set and K1 cells in this group were co-transfected with si-YAP1 and miR-497 inhibitors. In this research, K1 cells without any treatment were used as the blank group. All transfection operations were performed in strict accordance with the Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA) instruction manual. Cells of all the above groups were inoculated into 24-well plates at a density of 1×10 5 /mL to carry out incubation for different time periods (24, 48 , 72 and 96 hours).
Quantitative real-time polymerase chain reaction (qrT-Pcr)
After incubation for 72 hours, all cells were collected and total RNA was extracted using Trizol (Thermo Fisher Scientific). In addition, total RNA of the tumor tissues and normal tissues was also extracted. All extraction operations were performed according to the manufacturer's instructions. A total of 3 µg RNA was subjected to reverse transcription reaction to obtain cDNA template by using reverse transcription polymerase chain reaction system (TaKaRa, Shiga, Japan). qRT-PCR for miR-497 and yes-associated protein 1 (YAP1) was conducted using SYBR premix real-time PCR Reagent (TaKaRa). Primer sequences were as follows: miR-497, forward primer: 5′-GTGCAGGGTCCGAGGT-3′, reverse primer: 5′-TAGCCTGCAGCACACTGTGGT-3′; U6, forward primer: 5′-GCTTCGGCAGCACATATACT AAAAT-3′, reverse primer: 5′-CGCTTCACGAAT TTGCGTGTCAT-3′; YAP1, forward primer: 5′-AGAAC AATGACGACCAATAGCTC-3′, reverse primer: 5′-GCT GCTCATGCTTAGTCCAC-3′; GAPDH, forward primer: 5′-GTCGATGGCTAGTCGTAGCATCGAT-3′, reverse primer: 5′-TGCTAGCTGGCATGCCCGATCGATC-3′. The PCR amplification reaction was performed in a 25 µL system, including 2 µL of reverse transcription product, 
4713
mir-497 affected thyroid papillary carcinoma and 1 µL primer was included in the reaction system. This amplification reaction consisted of three steps: degeneration step (95°C, 10 seconds), followed by reannealing step (60°C, 20 seconds) and extension step (72°C, 34 seconds). The three-step reaction was cycled for 35 times.
luciferase reporter assay
The binding sites of YAP1 and miR-497 were determined by TargetScan, and according to the forecast result, mutant sequences and wild-type sequences of the binding sites were designed separately. These sequences were cloned and ligated into Promega vectors, respectively. Co-transfection of K1 cells was performed by using mutant sequences and miR-497 mimics, or mutant sequences and miR-497 negative expression vector, or wild-type sequences and miR-497 mimics, or wild-type sequences and miR-497 negative expression vector. These co-transfected K1 cells were named as MT+mimics group, MT+NC group, WT+mimics group and WT+NC group, respectively. Luciferase kit (Beijing Yuanpinghao Biotechnology Co., Ltd., Beijing, China) was used to measure the fluorescence intensity at 48 hours after transfection.
MTT assay
In vitro proliferation was measured by MTT assay. Cells of each group were cultured for 24, 48, 72 and 96 hours in 24-well plates, respectively. Then a total of 20 µL (5 mg/mL) MTT solution was added into each well for an additional 4 hours of incubation at 37°C. After the liquid in each well was removed, 150 µL of dimethyl sulfoxide was added. These plates were shaken for 10 minutes to promote the dissolution of crystals. At last, the absorbance value (OD495 value) of each well was measured at 495 nm by enzyme-linked immunosorbent assay. Each experiment was repeated for three times.
Transwell assay
After incubation for 48 hours, cells of each group were harvested and made into single cell suspension at a density of 5×10 3 /mL by using serum-free medium. Transwell assay was performed to measure cell migration and invasion ability. For invasion ability test, 100 µL of the single cell suspensions was added into the upper chambers of a six-well Matrigelcoated chamber. Then 500 µL of 1640 medium containing 10% FBS was added to the bottom chamber. The six-well Matrigel-coated chamber was incubated at 37°C in 5% CO 2 for 24 hours. Cells on the upper chambers were scraped and cells on the bottom chamber were fixed with 10% formaldehyde before they were stained with crystal violet (5%).
Five fields were randomly selected under the microscope to count the number of cells that passed through the membrane. For migration test, all operations were consistent with the invasion test, except that the six-well chamber was without Matrigel.
Western blot analysis
Cells of each group were cultured for 48 hours and then harvested to extract total proteins by using RIPA lysis buffer. After the proteins were separated through sodium dodecyl sulfate-polyacrylamide gel electrophoresis, they were transferred on to the polyvinylidene difluoride membrane to carry out blocking using skimmed milk powder (5%). YAP1 rabbit anti-human monoclonal antibody (1:1,000; Santa Cruz Biotechnology Inc., Dallas, TX, USA) was then added and incubated for 12 hours at 4°C, followed by washing with TBST for three times. Horseradish peroxidase-labeled goat anti-rabbit antibody (1:5,000; Gene Tech, Shanghai, China) was used as the secondary antibody. After incubation for 1 hour at room temperature, the membrane was also washed by TBST for three times. Finally, chemiluminescence was performed and data were analyzed. In this study, GAPDH was used as the internal reference.
Immunofluorescence detection
Cells of each group, which were incubated for 48 hours in 24-well plates, were fixed with 2.5% glutaraldehyde for 15 minutes after the upper residual liquid was removed. Then they were incubated with 0.25% Triton X-100 for 15 minutes at room temperature, followed by blocking with 4% goat serum for 30 minutes at room temperature. YAP1 antibody (1:100) was added and incubated for 12 hours at 4°C. After washing with PBS for three times, rhodamine-labeled fluorescent secondary antibody (1:200) was added and incubated in a 37°C incubator for 40 minutes. 4′,6-Diamidino-2-phenylindole was added to stain for 5 minutes. At last, the cells were observed under a fluorescence microscope and the number of positive cells was counted. Cells that exhibited blue immunofluorescence were YAP1-positive cells.
statistical analysis
All data were processed using SPSS 18.0 statistical software and expressed as mean±SD. Student's t-test was adopted for analysis and P,0.05 was considered statistically significant difference.
ethics
This study was conducted after obtaining the ethical committee approval of The People's Hospital of Weifang and written informed consent from the patients. It was reported that thyroid papillary carcinoma was the most common type of thyroid cancer. 11 In this research, TCGA analysis was used to study the expression of miR-497 in thyroid cancer. The result showed that there was low expression of miR-497 in thyroid cancer (Figure 1 ). Based on this result, we conducted further research on the expression of miR-497 as well as its related mechanisms in thyroid papillary carcinoma tissues and K1 cells.
Downregulation of mir-497 in thyroid papillary carcinoma tissues and K1 cells
Expression of miR-497 in the tumor tissues and thyroid tissues of patients with thyroid papillary carcinoma, as well as in Nthy-ori 3-1 cells and K1 cells was examined through qRT-PCR detection. The results revealed that the relative expression level of miR-497 in tumor tissues was significantly lower than that in normal tissues (P,0.05; Figure 2A ). We also observed a prominent increase in the relative expression level of miR-497 in K1 cells than that in Nthy-ori 3-1 cells (P,0.05; Figure 2B ). Figure 3A ). In addition, we also found that, the relative expression of miR-497 in patients without lymph node metastasis was significantly higher than that in patients with lymph node metastases (P,0.05; Figure 3B ). miR-497 was closely related to the clinical features of thyroid papillary carcinoma patients.
mir-497 regulated K1 cells proliferation, migration and invasion
The results of qRT-PCR showed that compared with NC group, the relative expression of miR-497 in miR-497 mimics group was dramatically increased (P,0.05), while significantly decreased miR-497 relative expression was found in the miR-497 inhibitor group (P,0.05; Figure 4A ). The proliferation ability of miR-497 in K1 cells was determined by MTT assay. At 24 hours, there was no significant 
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mir-497 affected thyroid papillary carcinoma difference in OD495 values among NC group, miR-497 mimics group and miR-497 inhibitors group. However, at 48, 72 and 96 hours, compared with NC group, the OD495 values of miR-497 mimics group were significantly lower at these three time points (P,0.05), whereas they were markedly higher in the miR-497 inhibitor group (P,0.05; Figure 4B ). In addition, the results of Transwell assay of cell migration and invasion showed that the number of migrating (160±13) or invasive (87±8) cells in miR-497 mimics group was significantly lower than that in NC group (242±22 and 156±9, respectively; P,0.05). However, compared with NC group, significantly higher migrating (374±36) and invasive (231±13) cells were found in miR-497 inhibitor group (P,0.05; Figure 4C and D).
YaP1 was upregulated in thyroid papillary carcinoma tissues and K1 cells
YAP1 expression in thyroid papillary carcinoma tumor tissues and K1 cells was measured. The results indicated that YAP1 mRNA and protein relative expression were dramatically increased in tumor tissues than that in normal tissues (P,0.05; Figure 5A and B). Furthermore, we also observed that, compared with Nthy-ori 3-1 cells, significantly higher YAP1 mRNA and protein relative expression were found in K1 cells (P,0.05; Figure 5C and D). YAP1 was upregulated in thyroid papillary carcinoma tissues and K1 cells.
YaP1 was negatively regulated by mir-497
According to qRT-PCR and Western blot results, relative expression of YAP1 was significantly lower in miR-497 mimics group and markedly higher in miR-497 inhibitor group when compared with NC group (P,0.05; Figure 6A and B). Furthermore, immunofluorescence assay was performed and cells that exhibited blue immunofluorescence were YAP1-positive cells. We noted that, compared with NC group, YAP1-positive cells proportion was obviously decreased in showed that no significant difference was found in luciferase activity between MT+mimics group and MT+NC group.
However, luciferase activity of WT+mimics group was significantly lower than that of WT+NC group (P,0.05; Figure 6E ). These results indicated that YAP1 was the target gene of miR-497.
mir-497 inhibited K1 cells proliferation, migration and invasion by negatively regulating YaP1 expression
We further investigated the mechanism of miR-497 affecting the proliferation, migration and invasion of K1 cells. Compared to the blank group, the relative expression of YAP1 was significantly decreased in si-YAP1 group and significantly increased in miR-497 inhibitor group (P,0.05). However, the relative expression of YAP1 in si-YAP1+inhibitors group was not significantly different from blank group (P.0.05; Figure 7A and B). This result further indicated that miR-497 negatively regulated YAP1 expression.
MTT assay was also conducted to assess the proliferation in each group. No significant difference was found in OD495 value among the four groups at 24 hours. At 48, 72 and 96 hours, compared with blank group, the OD495 value was significantly lower in si-YAP1 group and significantly higher in miR-497 inhibitor group (P,0.05), but no significant difference was found between si-YAP1+inhibitors group and blank group (P.0.05; Figure 7C ). Moreover, Transwell assay of cell migration and invasion results showed that, compared with blank group, the number of migrating or invasive cells was significantly decreased in si-YAP1 group and significantly increased in miR-497 inhibitor group (P,0.05). However, there was no statistically significant difference in the number of migrating or invasive cells between si-YAP1+inhibitors group and blank group (P.0.05; Figure 7D and E). All these results indicated that miR-497 regulated the proliferation, migration and invasion of K1 cells by negatively regulating YAP1 expression.
Discussion
In this study, we researched miR-497 expression in thyroid cancer by TCGA and found that the expression of miR-497 was low. Our further study also revealed that miR-497 was dramatically downregulated in thyroid papillary carcinoma tissues and K1 cells. miR-497 was closely related to the clinical stages and lymph node metastases. This research finally revealed that YAP1 was the target gene of miR-497. miR-497 could inhibit K1 cells proliferation, migration and invasion through negatively regulating YAP1. miR-497 was found to be involved in various human cancers and it was considered as a tumor suppressor because of its anticancer effect. 12 In the survey of global miRNA profiles of primary breast cancer, miR-497 was found to be disorganized for the first indication. 13 Subsequently, several studies confirmed the fact that miR-497 was downregulated in breast cancer. 14, 15 In addition, many other researches also demonstrated downregulation of miR-497 in several other types of solid cancers such as hepatocellular carcinoma, 16 non-small-cell lung cancer, 17 cervical cancer, 18 gastric cancer, 19 colorectal cancer 20 and ovarian cancer. 21 All these studies confirmed the tumor suppressor effect of miR-497. Our result was highly consistent with the previous findings that miR-497 was obviously downregulated in thyroid papillary carcinoma. In addition, we also observed that upregulation of miR-497 significantly inhibited K1 cells proliferation, migration and invasion, dramatic increase in the proliferation, migration and invasion of K1 cells was found when miR-497 expression was inhibited. In previous studies, researchers reported that tumor (including pancreatic cancer, nasopharyngeal carcinoma, as well as bladder cancer) proliferation, migration and invasion were obviously suppressed, while apoptosis was significantly promoted when miR-497 expression was increased by pre-miR-497 transfection. 10, 12, 22 However, studies also revealed that after miR-497 expression was inhibited, tumor (such as breast cancer) growth and colony formation ability were promoted. 23 Our research further confirmed these viewpoints.
In this study, luciferase reporter assay was performed to confirm the relationship between miR-497 and YAP1 to further study the mechanism of action of miR-497 in thyroid papillary carcinoma. As a result, YAP1 was demonstrated to be a target gene of miR-497 and its expression could be decreased by miR-497. Further research also indicated that miR-497 inhibited K1 cells proliferation, migration and invasion through negatively regulating the expression of YAP1. High expression of YAP1 was associated with the occurrence and development of a variety of cancers. 24, 25 It is a terminal effect of Hippo/YAP signaling. 26 It was reported that YAP1 could promote the proliferation of liver cancer, and significantly higher expression of YAP1 was found in liver cancer tissues as well as in liver cancer cells. 27, 28 A recent research also suggested that YAP1 promoted human hepatocellular carcinoma development and progression was through upregulating Jagged1 and activating the Notch pathway. 29 Moreover, several researches also revealed the target relationship between YAP1 and miR-497. Huang et al 30 suggested in their study that in non-small-cell lung cancer, miR-497 could inhibit non-small-cell lung cancer cells proliferation. They thought that the relevant mechanism might be the inhibitory effect of miR-497 on the expression of YAP1. miR-497 could inhibit the proliferation of hepatocellular carcinoma and promote the apoptosis of these cells. 31 Our conclusion in this study further verified the above findings.
This study also had some limitations. We only studied the effect of miR-497 on K1 cells. Due to the limitations of laboratory conditions, we could only obtain K1 cells. Further studies about the effect of miR-497 on other papillary thyroid cancer cell lines are also required. This will be the focus of our future research. In addition, the relationship between miR-497 expression and patients' survival should also be explored. However, we could not study this because of the submit your manuscript | www.dovepress.com
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In short, this research demonstrated that miR-497 was downregulated in thyroid papillary carcinoma, and upregulation of miR-497 could inhibit the proliferation, migration and invasion of thyroid papillary carcinoma cells. The underlying mechanism might be that miR-497 regulated the proliferation, migration and invasion of K1 cells by negatively regulating YAP1 expression. In this study, we initially studied the impact of miR-497 as well as the relevant mechanism on thyroid papillary carcinoma, which was of significant importance for the treatment of thyroid papillary carcinoma clinically.
